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Available online 26 October 2016This study examined whether mammography receipt was associated with mortality due to causes other than
breast cancer, hypothesizing thatmammography screeningwas a proxy for the predisposition to seek preventive
health behaviors. Using data on 89,574 women from the 2000 National Health Interview Survey and National
Death Index, a discrete-timehazardmodel estimated themortality fromany cause except breast cancer as a func-
tion of screening status. Receiving amammogramwas associatedwith a 24% reduction in the likelihood of death
all causes except breast cancer. These odds were reduced to 21.1% when demographic and socioeconomic vari-
ables are added and reduced further to 20.9% when health resource variables were added. The ﬁnal adjusted
model shows that womenwho received amammogramhad reduced their probability of death by 20%. These re-
sults suggest womenwho undergomammogramsmay bemore likely to seek other preventive health services or
engage in healthy behaviors that affect mortality. While the use of mammograms to predict breast cancer mor-
tality merits further consideration, if a proxy for a woman's predisposition for additional preventive screenings,
encouraging mammography may be a pivotal pathway for preventing mortality due to other causes for women.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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Screening behavior1. Introduction
Preventive health services signiﬁcantly reduce premature morbidity
and mortality (Sox, 1994; Hayward et al., 1991). Preventive health be-
havior has been deﬁned as “any activity under taken by a person who
believes himself to be healthy for the purpose of preventing disease or
detecting disease in an asymptomatic stage.” (Kasl and Cobb, 1966).
Health researchers often measure the use of preventive health services
by asking questions about receipt of inﬂuenza vaccination (Diab and
Johnston, 2004), participation in routine checkups (Musa et al., 2009),
a prostate-speciﬁc antigen (PSA) test for men (Trivedi and Ayanian,
2006), and mammograms for women (Diamant et al., 2000), all of
which being performed within the recommended time frames. These
health services and preventive health behaviors can be viewed as social
constructs, changing over time according to social norms at given times
(Nathanson, 1977).
Receiving a mammogram is not part of a standard physical as pap
smear is; rather, routine checkups have to be followedupwith a special-
ist appointment. Hence, women who receive a mammogram may be
thought of as active preventive health service seekers. In other words,
these women may be more likely to seek routine preventive care andolicy and Administration, The
versity Park, PA 16801, United
. This is an open access article underalso participate in other healthy behaviors that could reduce mortality
compared to women who did not receive a mammogram. For instance
people who smoke tend to exhibit other unhealthy behaviors related
to exercise, diet, alcohol, and preventive screening (Fredman et al.,
1999; Rakowski et al., 1999).
In the U.S., nearly 40,000 women die each year due to breast cancer
(DeSantis et al., 2013). Breast cancer screening by mammography has
been shown to detect breast cancer before any signs or symptoms
occur (Egan, 1962). The United States Prevention Services Task Force
(USPSTF) recommends that women who are 50–74 years old and
have average risk for breast cancer should receive a mammogram
every two years (US Preventive Services Task Force, 2009). Other cancer
organizations, such as theAmerican Cancer Society (ACS), have changed
previous screening recommendations to annual mammogram for
women who are 45–55 years old and of average risk and every other
year for women 55 and older (Oefﬁnger et al., 2015; Keating and Pace,
2015). Screening recommendations for high-risk women include annu-
al mammograms beginning at age 30 (National Comprehensive Cancer
Network, 2013). Furthermore, women at moderate risk are advised to
discuss with their physician the timing for beginning routine mammo-
grams and the frequency of receiving mammograms (National
Comprehensive Cancer Network, 2013; National Cancer Institute,
2012).
Given the currentmortality risk for breast cancer amongwomen and
the awareness and attention on breast cancer screening, we hypothe-
size that mammography screening to be a proxy for a woman'sthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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is an ideal proxy for health behavior since most screening is donewhen
awoman does not exhibit any breast cancer symptoms. The routine use
of mammography for women, particularly those who may be at in-
creased risk of breast cancer, is important to reduce the number of
lives lost to breast cancer (Berry et al., 2005; Kalager et al., 2010), but
the act of obtaining a mammogram itself could be related to other
causes of mortality. The effect of mammography on all-cause mortality
and causes of death other than breast cancer have not been investigated.
Demographic characteristics, such as socioeconomic status, age and
marital status, aswell as access to a usual source of care, have been iden-
tiﬁed as factors associated with receiving preventive services
(Weissman et al., 1991). For an accurate estimate of the effect of mam-
mography on mortality rates, the inﬂuence of these factors, as well as
measures of health status, must be controlled. This study examines
whether mammography is associated with mortality due to causes
other than breast cancer. In addition, this study examines how the prob-
ability of death changeswith additional resources known to be associat-
edwith screening. The overall goal is to examine if ever having obtained
a mammogram affects the mortality rate in U.S. females.
2. Methods
2.1. Data
This study uses data from the 2000National Health Interview Survey
(NHIS) Cancer Control Supplement (CSS) and linked mortality ﬁle. The
NHIS is a cross-sectional, nationally representative survey of the civilian,
non-institutionalized U.S. population (CDC/National Center for Health
Statistics, 2012). The cancer screening section of the 2000 Cancer Con-
trol supplement collected information about several cancer screening
tests received by sample adults, including mammograms. The linked
mortality ﬁle used probabilistic matching to connect NHIS participants
to death records from the National Death Index (NDI). This 2000 sample
was followed through December 31, 2006, resulting in six-year follow-
up from the initial survey. Data for this study was downloaded from the
Integrated Health Interview Series (Minnesota Population Center and
State Health Access Data Assistance Center, 2012).
2.2. Sample
The sampling technique and the sampling frame used by NHIS are
described elsewhere (CDC/National Center for Health Statistics, 2012).
The ﬁnal sample was restricted to women who answered the cancer
control supplement, had known vital status in the NDI and who were
30 and older at the time of the survey since NHIS only asked women
in this age group aboutmammography use (n=89,574). The incidence
of breast cancer before 30 is small (American Cancer Society, 2013) and
sensitivity analysis (not shown) used a sample of women 40 and older
and did not yield signiﬁcant differences in results. For this analysis, the
person-level data ﬁle was reshaped into person-year records, which in-
cluded one record for each year of survival following the survey until
death or censorship.
2.3. Measures
The outcome of interest is the probability of death of each respon-
dent. For each year of follow-up, this variable is categorized as death
from any cause except breast cancer (from here referred to as ‘deaths’),
and no death (reference). The speciﬁc cause of death is not available in
the public access data ﬁle for survey participants in later NHIS samples
or for participants who died after December 2006 (Minnesota
Population Center and State Health Access Data Assistance Center,
2012). The NHIS asked women themain reason they had their most re-
cent mammogram. The independent variable, “received mammogram”
in this study includedwomenwhohad never had amammogram, thosewho had had a mammogram as part of a routine physical exam or
screening test and those who had their ﬁrst mammogram. It excluded
womenwho had gotten amammogramdue to prior breast cancer diag-
nosis, a family history of breast cancer or a previously identiﬁed breast
issue. The reliability of self-reported mammogram rates has been
shown in different populations (Caplan et al., 2003). Current age was
categorized into ﬁve-year intervals, starting with 30–34 (reference) to
80+ to calculate ﬁve-year mortality speciﬁc rates. Demographic vari-
ables included race, categorized as non-Hispanic White (reference),
non-Hispanic Black, non-Hispanic Asian, Hispanic and other consisting
of women who identiﬁed as American Indian/Alaska native, multiple
or other race. Other variables included in the analyses were: education
was categorized as b12 years (reference), 12 years, and N12 years; mar-
riedwas categorized as single (reference) andmarried; and poverty cat-
egorized as below the poverty line (reference) and at/above the poverty
line. Finally a wealth variable was added that captures home ownership
(yes or no). Health resource variables were also added. Access to care
was measured with two variables: health insurance status and usual
source of care. Insurance status was coded to insured and uninsured
(reference). Usual source of care was coded as yes if women had one
or more usual sources of care and no if women did not have a usual
source of care (reference).
To capture a women's predisposition toward a healthy lifestyle or
use of other preventive services,we included severalmeasures of health
behaviors. Alcohol use was categorized as never (reference), former
drinker, and current drinker. Smoking status was categorized as never
smoked (reference), current smoker, and former smoker. BMI was cat-
egorized as underweight (reference), normal, overweight, and obese.
Self-rated health was categorized as not good (reference) if women
said their health was poor or fair and good if their response was good,
very good, or excellent. Finally, ever received a pap smear was coded
as yes or no (reference).
2.4. Analysis
Data from NDI was used to determine who died among the NHIS
participants and if death occurred within the ﬁve years following the
survey. Descriptive statistics were used to summarize characteristics
of the sample by survival and death. For a better understanding of the
relationship between mammography and death, discrete time survival
analysis was used to estimate the probability that each woman died as
a function of whether she was screened or not in four models. This
method is more appropriate than standard regression models because
it accounts both for whether the respondent died during the follow-
up period and her age of death (Allison, 2014).Model 1was unadjusted;
model 2 controlled for race, education,marital status, wealth and pover-
ty; model 3 added additional health resources to model 2; and model 4
added health behaviors to model 3. Estimates from these models take
the form of hazard ratios (Singer andWillett, 2003). Variance and stan-
dard error of the estimates were adjusted with individual, strata, and
probability sampling unit (PSU) weights provided by NHIS. All analyses
were carried out in Stata 13 (College Station, TX).
3. Results
Table 1 shows the descriptive statistics and survival status of the
sample by mammogram receipt. Of the total sample of women ana-
lyzed, 61,114 had received a mammogram while 28,460 had never
had a mammogram. Of the women who had never had a mammogram
1.1% of them had died during the interval period analyzed compared to
2.2% of women who had received a mammogram died during the same
time period. In total, 1.8% of the sample or 1872 women died in the
5 year period following the survey. Table 2 shows hazard-odds ratios
(HR) associatedwith the risk ofmortality after receiving amammogram
across various models. Model 1 shows that receiving a mammogram,
compared to not receiving a mammogram, was associated with a 24%
Table 1
Descriptive statistics and survival status (excluding breast cancer deaths) of U.S. females,
30 years and older by mammogram receipt.
Percentages
Never had a mammogram
(n = 28,460)
Received a
mammogram
(n = 61,114)
Total
(n = 89,574)
Survival status
Alive 98.9 97.8 98.2
Dead 1.1 2.2 1.8
Age
30–34 14.3 0.8 5.0
35–39 31.1 3.5 12.1
40–44 22.7 9.5 13.6
45–49 10.7 14.3 13.2
50–54 4.9 14.9 11.8
55–59 3.1 12.6 9.7
60–64 2.2 10.1 7.6
65–69 2.1 8.5 6.5
70–74 2.2 7.9 6.1
75–79 2.1 7.1 5.5
80+ 4.6 10.8 8.9
+Race
White 68.8 79.2 76
Black 12.9 10.6 11.3
Asian 4 1.9 2.5
Hispanic 9.1 5.7 6.8
Other 5.2 2.6 3.4
Years of education
b12 years 16.6 14.9 15.4
12 years 33.9 35.7 35.1
N12 years 49.5 49.5 49.5
Poverty
Below
poverty
line
13.2 9 10.4
At/above
poverty
line
86.8 91 89.6
Usual source of care
No 14.9 5.1 8.1
Yes 85.1 94.9 91.9
Insurance status
Uninsured 19.4 7.3 11.1
Insured 80.6 92.7 88.9
Smoking status
Never 60.1 57 57.9
Former 26.4 17.9 20.6
Current 13.5 25.1 21.5
BMI
Underweight 3.3 2.1 2.4
Normal 46.3 39.8 41.8
Overweight 24.6 29.9 28.3
Obese 25.8 28.2 27.5
Self-rated health
Not good 9.8 15.7 13.9
Good 90.2 84.3 86.1
Alcohol use
Never 29.2 28.3 28.6
Former 13.6 16.4 15.5
Current 57.2 55.3 55.9
Ever had a pap smear
No 8.8 1.3 3.6
Yes 91.2 98.7 96.4
Source: Derived from National Health Interview Survey, 2000+ Racial groups are all non-Hispanic except the Hispanic
group.
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to 21.1% (p b 0.001) when demographic and socioeconomic variables
are added in model 2 and reduced further in model 3 when health re-
source variables were added (20.9%, p b 0.01). The ﬁnal adjustedmodel shows that women who received a mammogram had reduced
their probability of death by 20% p b 0.01). The ﬁnal model is also
shown in Fig. 1.
Asian women had a signiﬁcant reduction in odds of dying from
breast cancer compared to non-Hispanic Whites in models 2 and 3
(53% and 52.6% respectively, p b 0.05). However, the signiﬁcance disap-
peared in the ﬁnal model when other health behaviors were accounted
for. Models 2 and 3 show that those with N12 years of education were
less likely (HR 0.82 and 0.83, p b 0.05) than those with b12 years of ed-
ucation to die. This signiﬁcance also disappeared in the ﬁnal model.
Women who owned a home were signiﬁcantly less likely to have died
compared to women in did not own a home in all models. Finally,
women who were at or above the poverty line were signiﬁcantly
more like to still be alive but the signiﬁcance disappeared once health
behavior variables were accounted in the ﬁnal model.
Compared to abstainers, current drinkers were less likely to have
died (17%, p b 0.05). As expected, current and former smokers, com-
pared to never smokers, had increased probability of being dead while
those with good health were less likely to have died (44%, p b 0.001).
Across all BMI categories, a reduction in the likelihood of death was ob-
served compared to being underweight.4. Discussion
The risk of developing breast cancer varies based on race, age and
family history (U.S. Cancer Statistics Working Group, 2015), and most
women will not develop breast cancer during their lifetime (Oefﬁnger
et al., 2015; U.S. Cancer Statistics Working Group, 2015). Obtaining a
mammogram requires a measure of judgment of the risk of potentially
developing breast cancer with the burden associated with testing, a de-
cision based on personal preference and ideallywith clinical guidance. A
2011 study investigating the effects of the change in USTFP guidelines
found that a majority of women surveyed would not delay routine
screening exams to age 50, even if their doctor made such a recommen-
dation (Davidson et al., 2011). These women value the potential early
detection beneﬁt and would be willing to accept the risk of additional
testing. Are these women more likely to engage in other preventive in-
terventions and or engage in healthy behaviors that could affectmortal-
ity rates? Breast cancer awareness is so widespread in the U.S., even
being advertised in beauty salons and by the U.S. postal service
(Linnan et al., 2001; Woloshin et al., 1999) that it is plausible to use
mammograms as a proxy for use of preventive services in women.
Using a nationally representative sample of U.S. females, this current
study examined themortality rates for womenwho had and thosewho
never had amammogram, controlling for socio-demographic, health re-
source, and behavior variables. The results show that that mammogra-
phy is associated with mortality from causes other than breast cancer
in the sample population after controlling for demographic, health re-
source, and health behavior variables. Women who undergo mammo-
grams may seek other preventive health services or engage in healthy
behaviors that affect mortality and supports previous research examin-
ing health behaviors. Schwartz et al. (2004) found that most women
who had undergone a pap smear or mammogram and most men who
had been screened with a PSA planned to undergo annual testing
(Schwartz et al., 2004). People with unhealthy habits such as smoking
tend to have fewer medical visits, and cigarette smokers who are
heavy drinkers have lower rates of prevention activities (Fredman et
al., 1999).
Our hypothesis assumes that health behaviors are correlated, mean-
ing that performing one behavior will predict another. Liang et al.
(1999) examined correlations among preventive health behaviors
using a population-based sample. Twenty-ﬁve percent of these correla-
tions among females were signiﬁcant and included fruit and vegetable
consumption being correlated to exercise behavior and pap smears
and clinical breast examinations and mammograms being signiﬁcantly
Table 2
Risk of death in hazard odds ratio associatedwith screening status and risk of death from all causes except breast cancer controlling for demographic, health resources and health behavior
variables, among U.S. females, 2000.
Model 1 Model 2 Model 3 Model 4
Had a mammogram 0.759*** 0.789** 0.791** 0.800**
[0.679,0.849] [0.682,0.912] [0.686,0.912] [0.681,0.940]
Age (ref = 30–34)
35–39 1.31 1.25 1.25 1.03
[0.334,5.152] [0.313,4.943] [0.313,4.943] [0.255,4.185]
40–44 3.902* 3.40 3.40 3.07
[1.068,14.25] [0.915,12.66] [0.915,12.63] [0.824,11.41]
45–49 9.498*** 7.280** 7.251** 6.114**
[2.785,32.40] [2.117,25.04] [2.111,24.90] [1.773,21.09]
50–54 10.18*** 9.639*** 9.596*** 8.155**
[2.893,35.84] [2.721,34.14] [2.712,33.96] [2.297,28.95]
55–59 17.89*** 14.95*** 14.89*** 12.42***
[5.171,61.92] [4.222,52.98] [4.205,52.75] [3.490,44.19]
60–64 24.01*** 20.45*** 20.46*** 16.70***
[6.953,82.95] [5.866,71.29] [5.865,71.34] [4.767,58.51]
65–69 34.22*** 25.59*** 24.87*** 20.24***
[9.933,117.9] [7.378,88.75] [7.171,86.22] [5.790,70.72]
70–74 45.47*** 36.24*** 35.72*** 29.40***
[13.37,154.7] [10.62,123.6] [10.44,122.2] [8.470,102.0]
75–79 87.57*** 65.30*** 63.66*** 54.23***
[25.88,296.4] [19.18,222.3] [18.63,217.5] [15.62,188.3]
80+ 227.5*** 162.5*** 159.2*** 157.3***
[67.49,766.7] [48.02,549.8] [46.89,540.5] [45.48,544.2]
+Race (ref = White)
Black 0.99 1.00 0.98
[0.839,1.157] [0.847,1.168] [0.818,1.172]
Asian 0.470* 0.474* 0.58
[0.242,0.912] [0.245,0.920] [0.307,1.106]
Hispanic 0.83 0.84 0.92
[0.664,1.040] [0.672,1.057] [0.732,1.165]
Other 0.82 0.84 0.77
[0.566,1.187] [0.576,1.215] [0.546,1.097]
Education (ref b12 years)
12 years 0.96 0.96 1.06
[0.836,1.103] [0.839,1.107] [0.910,1.222]
N12 years 0.824* 0.827* 1.00
[0.706,0.962] [0.708,0.966] [0.850,1.181]
Poverty (ref below poverty line)
At/above poverty line 0.795** 0.796** 0.92
[0.686,0.922] [0.686,0.923] [0.789,1.079]
Marital status (ref = single)
Married 0.88 0.88 0.90
[0.768,1.010] [0.763,1.008] [0.782,1.032]
Wealth (ref = does not own home)
Owns home 0.740*** 0.741*** 0.828**
[0.650,0.843] [0.649,0.847] [0.725,0.946]
Usual source of care (ref No)
Yes 0.94 0.88
[0.711,1.245] [0.658,1.178]
Insurance status (ref uninsured)
Insured 1.12 1.27
[0.808,1.563] [0.918,1.763]
Smoking status (ref never smoked)
Former smoker 2.624***
[2.215,3.107]
Current smoker 1.549***
[1.343,1.786]
BMI (ref underweight)
Normal 0.640**
[0.478,0.858]
Overweight 0.607***
[0.452,0.815]
Obese 0.743*
[0.553,0.997]
Self-rated health (ref not good)
Good 0.556***
[0.481,0.643]
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Table 2 (continued)
Model 1 Model 2 Model 3 Model 4
Alcohol use (ref abstainer)
Former drinker 1.11
[0.952,1.300]
Current drinker 0.830*
[0.719,0.957]
Ever received a pap smear (ref no)
Yes 0.98
[0.775,1.244]
Source: Derived from National Health Interview Survey, 2000 and National death Index, 2000–2005; Hazard odds ratio coefﬁcients; Standard errors below; ⁎pb0.05, ⁎⁎pb0.01, ⁎⁎⁎pb0.001. +Racial groups are all non-Hispanic except the Hispanic
group.
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age women (Liang et al., 1999).
Although factors such as age, health care access issues, and socioeco-
nomic status have been shown to limit preventive care use (Barkley,
2008), another possibility is that people who live less healthy lives
hold beliefs that are barriers to receiving preventive services. The health
belief model suggests health behaviors are determined, in part, by indi-
vidual perception of susceptibility to an outcome and beneﬁt of the be-
havior over perceived barriers (Glanz et al., 2008). Hence, changes in
perceptions and attitudes will be necessary to change or inﬂuence
health behaviors and increase use of preventive services. Identifying
characteristics of women who are more likely to engage in preventive
behavior may help health and education interventions identify and tar-
get vulnerable populations. Studies have shown a variety of factors in-
ﬂuence health behavior, including attitudes, health-related
knowledge, provider-patient interaction, and access to health services;
(Liang et al., 1999) however, future work is needed to examine differ-
ences within attitudes toward preventive care.
Our ﬁndings should be interpreted in light of several potential limi-
tations. Previous research has shown that self-reported estimates tend
to underestimate screening rates (Boxwala et al., 2010). There is also
noway to determine if the stated screening reﬂects actual behavior. Fur-
thermore, participants may have over reported their participation in
screening due to positive implications of being screened. However,
Caplan et al. (2003) and Zapka et al. (1996) examined the accuracy of
self-reported mammography rates among diverse sample of women
and found that self-report data are generally valid,more sowhen partic-
ipants were asked to recall most recent mammogram (Caplan et al.,
2003; Zapka et al., 1996). Finally, the cross-sectional design of the
dataset prevents us from determining if women received a mammo-
gram after the survey was conducted.Had a mamogram
Black
Asian
Hispanic
Other
12 years  of education
More than 12 years of education
Poverty
married
Wealth
Usual source of care
Insured
Former smoker
Current smoker
Normal
Overweight
Obese
Good health
Former drinker
Current drinker
 Pap smear
0 1 2 3
Harzard ratio
Fig. 1. Adjusted hazard ratio of death from all causes except breast cancer.Since 2009, the focal point of studies examining mammography has
found evidence for age-based screening recommendations (Allen et al.,
2013;Weeks et al., 2012). In developing its new breast cancer screening
recommendations, the American Cancer Society “judged women's
values and preferences as having a more important role in decisions
where the balance of absolute beneﬁts and harms is less certain.”
(Oefﬁnger et al., 2015). Our ﬁndings suggest an even greater utility in
promoting mammograms for women beyond that of preventing breast
cancer – increased odds of utilizing other preventive services which
demonstrated reduced mortality among women. Therefore, equal phy-
sician recommendations play an important role in addressing health
disparities, particularly among the most vulnerable women in the U.S.
While the use of mammograms to predict breast cancer mortality
merits further consideration, if a proxy for a woman's predisposition
for additional preventive screenings, encouraging mammography may
be a pivotal pathway for preventing mortality due to other causes for
women. Furthermore, if women who receive mammograms are indeed
more likely to engage in healthy behaviors compared to those who do
not receive a mammogram, disparities in breast cancer screening will
have greater detrimental consequences above and beyond predicting
breast cancer mortality.
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